Introduction THE following cases have been selected from the files of the Division of Neuropathology in the University of Toronto to illustrate the types of head injury which may cause death from meningitis. The fatal infection of the meninges may occur at the time of the injury, killing the patient within a few days or weeks of the accident, but its onset may be delayed for years after the head injury. Three of the seven cases described below fall into the latter group, the patients having apparently recovered from their head injuries shortly after their accidents and having shown no symptoms until the sudden onset of a rapidly fatal meningitis.
The pneumococcus was the organism responsible for the meningitis in all these cases and, except for some variations mentioned in the text, the gross and microscopical pathological picture was typical of pneumococcal meningitis.
Case Reports Case 1: M. W. (NP: 315-34), a man of 30 years, was probably kicked in the face by a horse on the 22nd October, 1934, although he could remember no details of the accident. He remained conscious but vomited several times during the next two days. He became unconscious on the 24th October and rapidly developed the signs of meningitis of which he died on the 26th October, four days after his accident.
Post mortem.-There was severe laceration of the face, with fractured nasal bones.
Removal of the brain showed severe hkmorrhage covering the floor of the anterior cranial fosse. Post mortem.-There was a large area of subcutaneous hemorrhage on the left side of the scalp extending into the temporal muscle. Extradural haemorrhages were found in the left anterior and middle cranial fosse. A complicated fracture of the base of the skull began at the outer end of the left supra-orbital ridge. This extended backwards and inwards, crossing the midline through the body of the sphenoid bone and running along the antero-inferior border of the petrous portion of the right temporal bone to end in the right middle-ear cavity which was full of blood. A branch of this fracture extended inwards completely encircling the cribriform plate of the ethmoid and from here ran into the right frontal sinus which was pneumatizing the right orbital plate of the frontal bone. A second branch of the main fracture extended backwards and outwards across the left middle cranial fosse to end in the base of the petrous portion of the left temporal bone. The sphenoidal and ethmoidal sinuses contained purulent exudate mixed with hkmorrhage.
Culture taken from the base of the brain yielded pneumococcus type 4 and there was well-marked purulent exeudate in the subarachnoid space.
Comment.-This case is reported because it illustrates a basal skull fracture which had opened practically all the accessory nasal sinuses as well as both middle ear cavities. Purulent exudate in the frontal and ethmoidal sinuses was responsible for the meningitis in this case. (Fig. 2) , and there was old blood pigment covering the left side of the cribriform plate. There was pus in the right and left ethmoidal sinuses. Microscopical examination of a vertical section cut through the area of old trauma to the cribriform plate of the ethmoid in the plane of the dotted line shown in Fig. 2 is shown in Fig. 3 . This demonstrates, under low magnification, the pathway of the patient's acute terminal pneumococcal infection from the roof of the right nasal foss2 to the overlying adherent leptomeninges.
There was no gross purulent exudate in the subarachnoid space, but widespread meningitis was seen microscopically.
4,~~~~~~~~~% -, .. Comment.-An illustration of an important type of case, further illustrated by Case 6, in which an apparently trivial facial injury did sufficient damage to the cribriform plate of the ethmoid to provide a pathway for the passage of a pneumococcal nasal infection to the adjacent leptomeninges, causing death from a fulminating meningitis, five years after the original injury.
Case 6: W. P. (NP: 198-37), a man of 36 years at the time of his death, had an injury 14 years before, when he was hit in the midline of the forehead by the limb of a falling tree. He was unconscious for some hours and was off work for about two months. After this time he had complained of intermittent headaches often sufficiently severe to prevent his working.
In The orbital surface of the left frontal lobe was densely adherent in the region of the cribriform plate. An old fracture of the anterior cranial fossoe was found under this adherent area. It extended from the left optic foramen forwards and inwards to the cribriform plate and then turned backwards towards the right optic foramen. This fracture of the anterior cranial fosse was considered to be a continuation of the frontal bone fracture seen by X-ray examination in 1931.
Seromucoid discharge was found in the sphenoidal and ethmoidal air sinuses. There was bronchopneumonia in the lower lobes of both lungs. Pneumococcus, Type 4, was cultured from the blood and from the cerebrospinal fluid. A vertical section cut to include the lines of old fracture of the cribriform plate of the ethmoid and of the right supra-orbital plate has been photographed under low magnification (Fig. 4) . This shows an old fracture healed by fibrous tissue in the roof of the right -~~~~~~~F ig. 4.-A low-power photomicrograph of the anterior cranial fossa and adjacent structures of Case 6. This shows, from right to left, the right orbit, the right ethmoidal sinus, the nasal fossme and the left ethmoidal sinus. In the plate of bone covering the right orbit an old fracture line can be seen extending through the thickness of the bone. Over the nasal fosse another portion of the line of old fracture is shown by proliferated cancellous bone, with wide channels running through it.
orbit. This is shown under high magnification in Fig. 5 . The second line of fracture, in the region of the cribriform plate, shows considerable proliferation of cancellous bone. This is shown under higher magnification in Fig. 6 . Many of these cancellous spaces, especially those in relation with the infected left ethmoidal sinus, seen to the left of the photograph, contains large numbers of inflammatory cells (Fig. 7) .
Comment.-In this case, therefore, it was concluded that the patient's terminal pneumococcal infection had spread from his acutely infected ethmoidal and sphenoidal sinuses through the site of a fourteen-year-old fracture in the cribriform plate of his ethmoid to the overlying, adherent leptomeninges, accounting for the meningitis of which he died. This viewpoint of the case was accepted by the Workmen's Compensation Board of Ontario and the widow was granted a pension for her husband's head injury. (Fig. 8) , shows two abscesses in the left frontal lobe in the line of the bullet track. The lower abscess has broken into the cavity of the left lateral ventricle to produce the patient's terminal ventricular and meningeal infection.
Comment.-This case is of interest in suggesting that pneumococci had probably remained alive in the bullet-track for a period of two and a half years, during which time they gradually produced two asymptomatic brain abscesses in the patient's left frontal lobe. It is also intriguing to wonder whether the cause of the rupture of the abscess into the ventricle was the sudden increases of intracranial pressure, which probably occurred when he coughed and sneezed with his cold in the head. In this case there was no suggestion of a recent invasion of the cranial cavity by pneumococci from the nasal fosse.
Summary
(1) Seven cases of meningitis are described in which the fatal infection followed a fracture of the base of the skull.
(2) In three of these cases the meningitis occurred 14, 5 and 24 years, respectively, after injury. 
